ABSTRACT A CB6F, murine T-cell hybridoma, FN1-18, secreting interleukin 2 in response to presentation of keyhole limpet hemocyanin (KLH) by syngeneic cells in the context of an J-E gene complementation product, also exhibited a major histocompatibility complex-restricted response to KLH presented by human leukocytes. The murine restriction element was I-Epb or k Ead or k. The KLH-induced interleukin 2 production was inhibited by the monoclonal antibody 17-3-3s with similar but not identical anti-I-E specificity. This antibody reacted with human Ia-like antigens on T-depleted mononuclear cells in 10 of 30 humans, as assessed by immunofluorescence. The presence of the epitope recognized by antibody 17-3-3s was closely correlated with MT3 allospecificity. The ability of human cells to present KLH to the murine hybridoma strongly correlated (r = 0.768) with the expression of this epitope and was also inhibited by 17-3-3s. Another monoclonal antibody, 109d6, of the same isotype and with related but not identical MT3 specificity, caused only limited inhibition. The ability of human cells to present KLH segregated as a dominant trait linked to the major histocompatibility complex. The results indicate that the restriction element recognized by FN1-18 on both human and mouse cells is a determinant closely related to but not identical with the antigenic determinant to which 17-3-3s binds. This determinant is not influenced by the considerable species differences in the remainder of the Ia molecules.
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The region of the major histocompatibility complex (MHC) that contains genes designated as class II controls the interactions between T cells, B cells, and macrophages during the immune response (1) . These interactions are mediated by heterodimeric cell-surface molecules termed immune-response antigens (Ia), each composed of an a and a 8 polypeptide chain, located on the surface of B cells and macrophages. In the mouse, class II MHC genes encoding the a and ,B chains comprise two subregions, I-A (genes Aa, AB, and E,8) and I-E (Ea gene) (for review, see ref. 2) , whereas in the human there are 12-15 class IT MHC genes, which are tentatively grouped into three regions designated DR, DS, and SB (3) (4) (5) .
The immune response requires simultaneous recognition by T cells of both the foreign antigen and Ia molecules on antigen-presenting cells (APC), but the molecular basis of this dual recognition remains obscure. In view of numerous studies demonstrating that certain epitopes on human Ia molecules are recognized by antibodies against murine I-A and I-E gene products (6) (7) (8) , the question arose whether murine T cells were capable of recognizing antigen presented in association with human Ta molecules. An affirmative answer would provide insight into the nature of the restriction element recognized by the functional T-cell receptor. The data in this communication show that a cross-reactive epitope(s) reactive with monoclonal antibody (mAb) 17-3-3s on murine and human MHC gene products is associated with the restriction element for a murine keyhole limpet hemocyanin (KLH)-specific T-cell hybridoma.
MATERIALS AND METHODS
Mice. CB6F1, BALB/c, C57BL/6, C3H/HeJ, A/J, RIII, and AKR mice 6-8 wk old were purchased from The Jackson Laboratory. B10.A(2R), B10.A(4R), and B10.A(5R) mice were purchased from the Mayo Clinic (Rochester, MN). BALB/K, B10.S(9R), A.TFR5, and (BALB/c x SJL)F1 mice were bred at the animal facility, New York University School of Medicine.
Antigens. KLH was purchased from Calbiochem-Behring. Ovalbumin and horse cytochrome c were from Sigma.
Monoclonal Antibodies (mAbs). The following mAbs (with specificities given in parentheses) were used: 25-9-3s (I-Ab), MK-D6 (I-Ad), 10-2-16 (I-Ak), Y-17 (I-Ek), 17-3-3s (I-Ek), Genox 3.53 (MT1), ILR-2 (MT2), 109d6 (MT3), and 22c6 (monomorphic human Ia). Histocompatibility Typing and Immunpfluorescence Staining. Typing for HLA, A, B, C, DR, and MT was done according to the standard National Institutes of Health microlymphocytotoxicity assay with locally available sera. Indirect microimmunofluorescence was carried out on human Tdepleted mononuclear cells with monoclonal reagents. A preparation of F(ab')2 fragments of goat anti-mouse Ig, conjugated with tetramethylrhodamine isothiocyanate, was used as the second antibody (9) .
Preparation of T-Cell Hybridomas. T-cell hybridomas were prepared as described (10) 
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cultured in the presence or absence of KLH for 2 days in 0.2 ml of Iscove's medium containing 1% fetal calf serum with 5
x 105 x-irradiated (2000 roentgens) murine spleen cells or with 5 x 105 x-irradiated human T-depleted peripheral blood lymphocytes (9) .
In pilot experiments, the optimal antigen concentration (40 ,ug/ml) and cell ratio (1:10 ratio of T-hybridoma cells to either murine spleen or human mononuclear cells) for IL2 production were determined. Concentrations of IL2 were measured (10) and calculated (11) in units/ml. Statistical analysis of the data in Table 3 showed a strong correlation between the ability of human cells to present KLH to FN1-18 and the expression of a cross-reactive determinant recognized by the mAb 17-3-3s (r = 0.768, P = 0.00002). In contrast, the correlations are lower between antigen presentation and serologically defined human DR4 and/or DR7 (r = 0.509, P = 0.0048), MT3 (r = 0.519, P = 0.0009), or 109d6 (r = 0.539, P = 0.0027) specificities. This is further supported by data obtained with APC from homozygous Dw typing cells (Table 4) . Although the two alleles for DR4, linked to those for Dw4 or DwlO, and those for DR7, linked to those for Dw7 and Dwll, differ significantly at the level of amino acid sequence in both DR and DS gene products (12) , both allelic forms have conserved a critical epitope that functions in antigen presentation to hybridoma FN1-18.
Segregation with MHC of Gene Products Responsible for Antigen Presentation. Family studies were undertaken to investigate whether or not the restriction element required for antigen presentation by human cells was inherited in association with a given HLA type. In a representative family (Table  5) , the father's cells effectively presented KLH to FN1-18 while the mother's did not, demonstrating that the capacity of human cells to function in antigen presentation segregates within this family as a trait linked to genes of the MHC complex of the father. The paternal haplotype (expressed as Al, Bw57, DR7, MT3, 17-3-3s+) conferred this trait on both siblings. The ability of 17-3-3s to block the antigen presentation of the father and both daughters paralleled 17-3-3s cell-surface staining of their APC (Table 5) .
Inhibition of KLH-Induced IL2 Production in Both Murine and Human Cultures by Antibody 17-3-3s. The results in Table 6 show that anti-I-E mAb 17-3-3s blocked antigen presentation not only by APC from C3H/HeJ mice but also by all human cells tested. In comparison, antibody 109d6 did not significantly inhibit, except partially in the case of donor K.K. MT2-specific mAb ILR-2 stained APC from all four donors expressing an MT2 phenotype. It gave a marginal inhibition with three of these four, only showing a significant inhibition with donor K.K. A mAb specific for MT1, Genox 3.53, did not stain the human mononuclear cells and was used as a negative control: it did not alter IL2 production. As expected, the mAb 22c6, specific for a monomorphic human Ia determinant, strongly inhibited KLH presentation by human but not by mouse cells.
DISCUSSION
The central findings in this study are that a murine T-cell hybridoma exhibited a specific response to KLH when the antigen was presented by accessory cells of either human or murine origin, and that the T-cell recognition was genetically restricted by an element closely related to a polymorphic epitope common to the class II MHC molecules of both species. This epitope was associated with, but not identical to, the determinant recognized by mAb 17-3-3s.
The use of H-2 congeneic and recombinant strains of mice allowed the assignment of the restriction element for the interaction between T cells and APC to products encoded by genes of the I-E locus. Strains expressing gene products of the I-A locus Ebf3 or Ekf3 together with the I-E locus products Eda or Eka produced complementation molecules that bore the restriction determinants needed for KLH presentation to FN1-18 hybridoma.
Two lines of evidence support the close relationship of this restriction element to an Ia antigenic determinant recognized by mAb 17-3-3s: First, all strains of mice capable of presenting KLH to the T-cell hybridoma bear the polymorphic epitope recognized by the antibody. Second, presentation of the KLH antigen was specifically blocked by the addition of the 17-3-3s and Y-17 antibodies but not by other mAbs directed against the I-A antigenic determinants. Antibodies 17-3-3s (13, 14) and Y-17 (15) react with products of H-2 k and r haplotypes (13) as well as with complementation products of E,3 of haplotypes b, k, r, and s with Ea (14) . The failure of RIII and B1O.S(9R) cells to present KLH to hybridoma FN1-18 indicates that the I-E epitope identified by the hybridoma is not identical to the epitope defined by anti-I-E antibodies available at this time.
There are several reports indicating that antibodies specific for murine I-E antigens can interact with MHC-encoded molecules from various species, including human DR structures (6) (7) (8) . At the level of amino acid sequences, there is -70% homology of murine I-E molecules with human DR molecules (16, 17) . However, there is no previous evidence that these shared interspecies epitopes can function as genetic restriction elements.
The most intriguing observations of this study are that Tcell-depleted mononuclear cells from human subjects present KLH to a murine hybridoma and that this ability shows a strong correlation (r = 0.768) with immunofluorescence staining by the murine anti-I-E reagent 17-3-3s. It seems clear that the Ia epitope recognized by 17-3-3s is needed for KLH presentation to hybridoma FN1-18, as illustrated by the inhibition studies. In contrast to 17-3-3s, mAb 109d6, which exhibits a related but nonidentical MT3-like pattern of reactivity, produces little or no inhibition of antigen presentation. The human MT3 specificity as defined by alloantisera is composed of a number of separate epitopes, some of which are recognized by different mAbs. Antibodies 17-3-3s and 109d6 probably identify two of these (18) . The differences shown by these two mAbs in the inhibition studies emphasize the distinction of these epitopes, since only the epitope recognized by 17-3-3s is preferentially utilized in the recognition of KLH by FN1-18 hybridoma.
In conclusion, our results show that a serologically defined Ia epitope can function as a genetic restriction element, on both human and mouse cells, in antigen presentation to a murine T-cell hybridoma. These results also demonstrate that the syngeneic nature of the MHC-encoded determinants is not critical for recognition of foreign antigens by T cells of a given species. The T-cell recognition of a particular foreign antigen depends on the association with a structurally similar Ia epitope that is encoded by the MHC of various species. It is likely that murine T hybridomas recognizing such crossreactive epitope(s) may prove useful in the analysis of Ia antigens that determine genetic restriction in various species.
